Three experiments were conducted to determine the effect of increasing field pea level in highconcentrate finishing cattle diets on ADG, DMI, G:F, and carcass traits, and to estimate the NE of field pea. In Exp. 1, 118 yearling heifers (417.9 ± 2.4 kg initial BW) were blocked by initial BW and assigned randomly to 1 of 4 treatments (0, 10, 20, or 30% dry-rolled field pea, DM basis; 4 pens/treatment). In Exp. 2, 143 beef steers (433 ± 19 kg initial BW) were blocked by BW and assigned randomly to 1 of 4 treatments (0, 10, 20, or 30% dry-rolled field pea, DM basis; 6 pens/treatment). In Exp. 3, 80 beef steers (372.4 ± 0.4 kg initial BW) were assigned randomly to 1 of 4 treatments (0, 18, 27, or 36% cracked field pea, DM basis; 4 pens/ treatment). Field pea replaced a portion of the grain (dry-rolled and high moisture corn, dry-rolled corn, and barley and barley sprouts; Exp. 1, 2, and 3, respectively) and protein supplement. In Exp. 1, field pea inclusion decreased DMI linearly (P = 0.03), whereas ADG and G:F were not affected by treatment (P ≥ 0.17); however, dietary NE g increased quadratically with increasing field pea level (P = 0.04). Fat thickness responded quadratically (P = 0.008) where heifers fed 20% field pea had greatest fat thickness and 30% field pea inclusion the least. Marbling tended (P ≤ 0.09) to respond quadratically as field pea increased. No differences (P ≥ 0.17) were observed for HCW, LM area, or KPH. In Exp. 2, DMI, ADG, G:F, dietary NE g , HCW, marbling, LM area, 12th-rib fat, and USDA yield grade (YG) were unaffected by dietary field pea inclusion (P ≥ 0.12). In Exp. 3, marbling score increased linearly (P = 0.05), fat thickness increased quadratically (P = 0.01), and YG tended to increase (P = 0.07) quadratically as field pea increased. Field pea inclusion did not affect (P ≥ 0.38) DMI, ADG, G:F, dietary NE g , HCW, or LM area. These results indicate that field pea can be included successfully into rations at levels up to 36% of DM without negatively affecting growth performance and most carcass characteristics of finishing beef cattle; however, effects on marbling score were variable. These data also indicate the energy content of field peas is similar to cereal grains, such as corn and barley, when included in high-concentrate finishing diets.
INTRODUCTION
Field pea (Pisum sativum) production has increased in North Dakota and Montana over the last decade (NASS, 2009) . North Dakota led the nation in field peas harvested in 2008 with approximately 202,350 ha, whereas Montana ranked second with 93,400 ha harvested (NASS, 2009) . Field pea has been primarily grown for human consumption; however, the feed industry is an excellent potential market for field peas, which do not meet specifications for human consumption.
Field pea has been successfully included in lamb finishing diets up to 45% of diet DM (Loe et al., 2004) . Anderson (1999) replaced barley with field pea at 76% of dietary DM and noted increases in marbling and percentage of steers grading USDA Choice. When included in lamb finishing diets, field pea was similar in energy to corn (Loe et al., 2004) ; however, the CP content of field pea is approximately 25% (NRC, 1984; Anderson et al., 2007) , enabling field pea to be used as a protein or energy source in a variety of diets.
Previous research in our laboratory has determined the digestibility of field pea grain in receiving diets (Gilbery et al., 2007) and medium-concentrate diets (Reed et al., 2004; Soto-Navarro et al., 2004) for growing steers. Little research has been conducted that investigates the effect of field pea inclusion on growth performance of finishing steers and heifers when field peas are included as a portion of high-concentrate diets. Our objectives were to determine the effect of increasing field pea level in high-concentrate finishing cattle diets on growth performance and carcass traits and to estimate the NE of field pea. Based on the previous research our laboratory conducted with sheep (Loe et al., 2004) , we hypothesized that increasing dietary field pea inclusion would have little effect on growth performance and carcass traits when used to replace corn and barley and a portion of the protein supplement in high-concentrate diets.
MATERIALS AND METHODS
This project was approved by the Animal Care and Use Committees at North Dakota State University (Exp. 1 and 2) and at Montana State University (Exp. 3) before initiation of the experiments.
Exp. 1: Animals and Diets
One hundred eighteen yearling crossbred heifers (417.9 ± 2.4 kg initial BW) from multiple sources were blocked by BW and allotted randomly within block to 1 of 4 treatments. There were 4 pens or replicates for each treatment (16 pens total). The 4 dietary treatments were field pea included in the ration at 0, 10, 20, or 30% of dietary DM. Field pea replaced high moisture corn, dry-rolled corn, and canola meal in the diet (Table 1) . The field pea used in this experiment was 24.7% CP, 0.14% Ca, and 0.44% P (DM basis). The heifers were fed for 74 d. The totally mixed diets also included chopped wheat straw, concentrated separator by-product (liquid by-product of beet sugar removal by ion exclusion chromatography), and a supplement providing 300 mg of monensin daily (Elanco Animal Health, Greenfield, IN) and 0.5 mg of melengestrol acetate daily (Pharmacia & Upjohn Company, Kalamazoo, MI). The supplement also contained a vitamin premix and a mineral mix. Diets were formulated to be similar in NE, assuming the field pea grain was similar in NE concentration to the dietary components it replaced. Diets were formulated to contain a minimum of 13% CP (DM basis). Due to the CP content of the field pea, the 30% diet contained 14.4% CP (Table 1) . Calves were fed once daily to appetite based on morning bunk readings, with feed offered recorded daily. Diets were assembled and mixed by treatment batch and distributed to respective pens in a 3-auger truck-mounted mixer equipped with a digital scale (LA-9, Kuhn North America, Brodhead, WI). Pens were equipped with fenceline automatic water fountains and fenceline concrete bunks with a minimum of 0.61 m of bunk space per heifer. All heifers were slaughtered at the same time when visual appraisal of the animals suggested 1.0 cm of 12th-rib fat. Heifers were transported to a commercial abattoir (Tyson Fresh Meats, Dakota City, NE) for slaughter. Hot carcass weight was collected at slaughter, whereas all other carcass data were collected after a 48-h chill. Quality grades were recorded from a USDA grader.
Exp. 2: Animals and Diets
One hundred forty-three Angus-crossbred steers from 2 sources were housed at the NDSU animal research center in concrete-floored pens (5 to 6 steers/pen). The steers were blocked by initial BW (433 ± 19 kg) and assigned randomly to 1 of 4 dietary treatments. Treatments included dry-rolled field pea replacing 0, 10, 20, or 30% of the corn and soybean meal in the basal diet. The diets were formulated to provide a minimum of 0.70% Ca, 0.28% P, 27.5 mg/kg of monensin (Elanco Animal Health), and 11 mg/kg of tylosin (Elanco Animal Health; Table 2 ). The diets were also formulated to provide 13% CP, with the exception of the 30% field pea treatment, which, due to the high CP content of the field pea, was formulated to contain 14.2% CP. Diets were formulated to be similar in NE, assuming the field pea grain was similar in NE concentration to the dietary components it replaced. The field pea used in this experiment was 40.9% starch, 23.4% CP, 0.14% Ca, 0.39% P, and 1.13% K (DM basis).
Initial BW was an average of BW measured on 3 consecutive days, and subsequently BW was measured every 28 d. Final BW was computed from HCW, using a common dressing percentage of 62.5% and a common shrink of 4%. Feed offered was recorded daily, and feed refusal was recorded weekly. Weekly feedstuff samples were collected to determine dietary DM and to analyze nutrient composition. Steers were implanted with Synovex Choice (Fort Dodge Animal Health, Fort Dodge, IA) on d 0. Steers were marketed when estimated to have at least 1.02 cm of backfat; therefore, steers were fed for 70 or 98 d. Steers were transported to a commercial abattoir (Tyson Fresh Meats) for slaughter. Hot carcass weight was collected at slaughter, whereas all other carcass data were collected after a 48-h chill. Trained personnel measured LM area and 12th-rib fat and visually assessed maturity, marbling score, and KPH to calculate yield grade.
Exp. 3: Animals and Diets
Eighty steers (predominantly Angus breeding; 372.4 ± 0.4 kg initial BW) from 1 source were allotted randomly to 1 of 16 pens (5 steers/pen; 4 pens/treatment). The basal diet (DM basis) was predominantly composed of cracked barley and barley sprouts. Cracked field pea replaced barley sprouts and cracked barley at 0, 18.2, 27.3, and 36.4% of the diet (DM basis; Table 3 ) to form the dietary treatments. The field pea used in this experiment was 19.8% CP, 0.09% Ca, 0.45% P, and 1.29% K (DM basis). Diets were formulated to contain a minimum of 19% CP (DM basis) and provided 275 mg of monensin (Elanco Animal Health) daily. Diets were formulated to be similar in NE, assuming the field pea grain was similar in NE concentration to the dietary components it replaced.
Statistical Analysis
Data for Exp. 1 and 2 were analyzed as a randomized complete block using generalized least squares (MIXED procedure; SAS Inst. Inc., Cary, NC). In Exp. 3, data were analyzed as a completely randomized design using generalized least squares (MIXED procedure; SAS Inst. Inc.). Least squares means were calculated for each experiment. Pen was used as the experimental unit, with pens per treatment used for replication. In Exp. 1 and 2, animals were blocked by initial BW, and block was used as a random effect. For Exp. 3, the model included the fixed effect of field pea. Linear and quadratic effects were tested and considered significant at the P ≤ 0.05 level. Field pea inclusion in finishing diets
RESULTS

Exp. 1
Initial and final BW did not differ among treatments (P ≥ 0.40; Table 4 ). Dry matter intake decreased linearly (P = 0.03) as field pea increased in the diet. Average daily gain and G:F were not different (P ≥ 0.11) among treatments. Dietary NE g responded quadratically (P = 0.04) with dietary field pea, increasing from 0 to 20% and decreasing from 20 to 30% of field pea inclusion.
Hot carcass weights were not affected by treatment (P = 0.57; Table 5 ). Treatment tended to have a quadratic effect on marbling score (P = 0.09), with 10% having the greatest amount of marbling, and 0% field pea inclusion having the least marbling, whereas the 20 and 30% field pea levels were intermediate. Treatment did not affect LM area (P = 0.17). There was a quadratic effect for 12th-rib fat (P = 0.008) with 30% having the least amount and 20% field pea having the greatest amount. No differences were observed for KPH or calculated yield grade (P ≥ 0.65). 
Exp. 2
Initial and final BW were not different among treatments (P ≥ 0.22; Table 4 ). Dry matter intake was not affected by treatment (P = 0.44). Average daily gain, G:F, and dietary NE g were not affected by treatment (P ≥ 0.33).
Hot carcass weight was not affected by treatment (P = 0.74; Table 6 ). In addition, no differences (P ≥ 0.14) in carcass characteristics (marbling score, LM area, 12th-rib fat, KPH fat, and USDA yield grade) were noted.
Exp. 3
Initial and final BW were not different among treatments (P ≥ 0.17; Table 4 ). Dry matter intake, ADG, and G:F were not different among treatments (P ≥ 0.17). Dietary NE g was not affected by treatment (P = 0.52).
Hot carcass weight was not different among treatments (P = 0.19; Table 7 ). Marbling increased linearly (P = 0.05) with increasing dietary field pea. Longissimus muscle area was not affected by treatment (P = 0.53). There was a quadratic increase for 12th-rib fat with increasing field pea (P = 0.01), whereas USDA yield grade had a tendency to increase linearly (P = 0.07) as field pea increased.
DISCUSSION
Feedlot Performance
In all 3 experiments, no differences were observed in initial or final BW due to treatment. Previous studies published in various field day reports have indicated including up to 59% field pea in growing and finishing diets for steers and heifers does not affect final BW (Birkelo et al., 2000; Flatt and Stanton, 2000; Fendrick et al., 2005 ). The effect of increasing level of field pea on DMI was inconsistent across the 3 experiments. In Exp. 1, DMI decreased as field pea level increased when fed to heifers; however, DMI was not affected by treatment when fed to steers in Exp. 2 or Exp. 3. Birkelo et al. (2000) reported no effect of treatment on DMI when 10% field pea grain (whole or rolled) replaced corn and soybean meal in finishing diets based on whole corn. Chen et al. (2003) reported no differences in DMI when field pea replaced barley at 0, 30, 50, and 100% of the grain in diets fed to heifers during the growing phase. In a study investigating the use of field pea in receiving diets for newly weaned calves, DMI increased as field pea increased in the diet (Anderson and Stoltenow, 2004) . Research by Corbett (1997) also reported increased DMI when up to 25% (DM basis) field pea grain was included, replacing soybean and canola meals in diets for lactating dairy cows. Weiss and Raymond (1989) reported increased consumption of silage-based Field pea inclusion in finishing diets rations containing field pea compared with rations containing soybean meal. In contrast, Flatt and Stanton (2000) studied the effects of field pea on growth and performance and reported a linear decrease in DMI as field pea increased (0, 5, 10, and 20%, DM basis) in corn silage-based growing diets. Fendrick et al. (2005) reported DMI increased when field pea replaced corn at 40% of dietary DM, but DMI decreased when field pea replaced corn at 59% of dietary DM. Soto-Navarro et al. (2004) reported DMI decreased linearly with increasing field pea (up to 45%, DM basis), when field pea replaced a mixture of wheat middlings, barley malt sprouts, and soybean hulls in moderate-concentrate diets fed to beef steers. The effects of field pea on DMI vary and are likely dependent on a variety of factors including field pea inclusion level, stage of production, and diet type. For all 3 experiments, ADG and G:F did not differ due to treatment. In Exp. 1, DMI decreased as field pea increased in the diet; however, no differences were observed for G:F. This was likely due to increased dietary NE g as field pea increased in the diet. Anderson (1999) reported no differences in ADG and G:F when comparing the finishing performance of steers fed barley (74%, DM basis) or field pea (76%, DM basis). No differences were reported in ADG or G:F when field pea replaced up to 30% of the corn in finishing rations for steers (Fendrick et al., 2006) . Price et al. (2006) reported no differences in ADG when 33% field pea (DM basis) were included in lamb finishing diets, replacing corn and soybean meal, when compared with 0% field pea inclusion. Flatt and Stanton (2000) reported no differences in ADG when field pea replaced corn in steer finishing rations; however, they reported a linear increase in G:F as dietary field pea increased from 0 to 26.3% (DM basis). Chen et al. (2003) reported increased ADG as dietary field pea replaced barley at 30, 50, and 100% (DM basis) when fed to heifers during the growing phase.
Dietary NE g responded quadratically in Exp. 1, whereas dietary NE g did not differ in Exp. 2 or 3. Flatt and Stanton (2000) reported no differences in NE g as field pea increased from 0 to 20% (DM basis) in the diet replacing whole corn. Loe et al. (2004) used finishing lambs to estimate the NE of field pea grain in finishing diets. Loe et al. (2004) estimated field pea contained 2.76 and 2.03 Mcal/kg of NE m and NE g , respectively, and reported field pea to have energy content similar to corn. Fendrick et al. (2005) calculated dietary NE g when field pea replaced corn up to 59% of the ration and reported a decrease in dietary NE g as field pea inclusion increased. Differences between these studies may be due to varietal differences resulting in differences in nutrient content of the field pea used, the basal diet, as well as processing method for the cereal grain as well as the field pea.
Carcass Characteristics
Similar to final BW, HCW did not differ among treatments in any of the experiments. This is similar to other research reports (Anderson, 1999; Birkelo et al., 2000; Fendrick et al., 2005) . The effect of increasing field pea level on marbling score was inconsistent. In Exp. 1, marbling score tended to increase with field pea inclusion. In Exp. 2, no differences in marbling scores were found, whereas a linear increase in marbling score due to increasing field pea in the diet was noted in Exp. 3. Reasons for differences in marbling scores between the studies are not immediately clear. There were differences in the basal ration among the 3 studies that may have contributed, in part, to the differences in response we report. Cattle in Exp. 1 and 2 were fed corn-based diets, whereas steers in Exp. 3 were fed barley and barley malt sprout-based diets. Previously published research generally agrees with the results of Exp. 2 and indicates field pea does not affect marbling. Flatt and Stanton (2000) reported no differences in marbling score when field pea was included up to 20% (DM basis) in corn-based rations fed to finishing steers and heifers. Fendrick et al. (2005) also reported no differences in marbling score due to increased dietary field pea in corn-based rations; however, a study performed by Anderson (1999) compared steers fed either barley (74% DM basis) or field pea (76% DM basis) as the concentrate in the finishing ration and reported greater marbling scores for steers consuming field pea compared with those fed barley. Kidney, pelvic, heart fat was assumed at 2% for yield grade calculations.
Longisimus muscle area did not differ among treatments in any of the experiments. Price et al. (2006) studied the effects of field pea inclusion in lamb finishing diets and reported no differences in LM area when compared with corn-based diets. In contrast, Fendrick et al. (2005) reported a linear decrease in LM area with increasing field pea inclusion. Similarly to LM area, 12th-rib fat did not differ among treatments in Exp. 2; however, a linear increase in 12th-rib fat was observed when field pea level increased in the diet in Exp. 3, whereas increasing level of field pea resulted in a quadratic increase in 12th-rib fat in Exp. 1. Previously published research that has investigated the effects of field pea inclusion in finishing diets agrees with the results of Exp. 2. Fendrick et al. (2005) reported no differences in 12th-rib fat due to field pea inclusion. Anderson (1999) compared barley and field pea in finishing steer rations and reported no differences in 12th-rib fat when field pea was included in the rations. Price et al. (2006) reported no differences in 12th-rib fat when field pea was compared with corn-based diets in lamb rations. Kidney, pelvic, and heart fat was not measured in Exp. 3 and did not differ among treatments in Exp. 1 or Exp. 2. Anderson (1999) also reported no differences in KPH when field pea was fed to steers. Purroy et al. (1992) studied the effect of field pea inclusion in lamb finishing diets and noted that lambs fed field pea at 24.5% of dietary DM deposited more pelvic and internal fat and had a greater degree of fatness than lambs fed a barley-based diet.
Treatment did not affect yield grade in Exp. 1 or 2; however, there was a tendency for yield grade to increase linearly as field pea level increased in Exp. 3. Purroy et al. (1992) reported no differences in yield grade or quality grade in lambs fed diets including field pea. Price et al. (2006) also reported no differences in yield grade or quality grade in lambs fed field pea. Anderson (1999) reported no differences in yield grade but found an increase in the percentage of steers grading USDA Choice when fed field pea compared with cornbased diets. Birkelo et al. (2000) reported no differences in yield grade or the percentage grading USDA Prime and Choice when field pea replaced corn in finishing rations. Flatt and Stanton (2000) reported no differences in yield grade or the percentage grading USDA Choice when field pea replaced up to 20% of the corn in the finishing ration.
In conclusion, results for DMI were inconsistent among the experiments. In 1 study, DMI increased, whereas it was similar in the other 2 studies. Increasing level of field pea inclusion resulted in similar ADG and G:F within each experiment. Dietary NE g levels were similar or improved when field pea replaced a portion of the cereal grain and indicates field pea is a suitable substitution for corn and barley in steer and heifer finishing rations. Inclusion of field pea resulted in no differences in LM area; however, effects on marbling score were variable. These results indicate field pea can be included up to 36% of the diet DM in steer and heifer finishing rations without negatively affecting finishing performance, dietary NE g , or carcass characteristics. The decision to utilize field pea in growing and finishing rations should be based on cost, availability, and nutrient characteristics of the ration.
